Complex disordered states -from liquids and glasses to exotic quantum matter -are ubiquitous in nature. Their key properties include finite entropy, power-law correlations and emergent organising principles. In spin ice, spin correlations are determined by an ice rules organising principle that stabilises a magnetic state with the same zero point entropy as water ice. The entropy can be manipulated with great precision by a magnetic field: with field parallel to the trigonal axis one obtains quasi two dimensional kagome ice which can be mapped onto a dimer model. Here we use a field tilted slightly away from the trigonal axis to control the dimer statistical weights and realise the unusual critical behaviour predicted by Kasteleyn. Neutron scattering on Ho 2 Ti 2 O 7 reveals pinch point scattering that characterises the emergent gauge structure of kagome ice; diffuse peaks that shift with field, signaling the Kasteleyn physics; and an unusual critical point.
ever, they are less well defined in candidate magnetic systems like CsNiCrF 6 [19] , (Y 1−x Sc x )Mn 2 [20] and spin ice in zero field [21, 22] . Our observation of them (described below) may be the first clear example in magnetism.
Moessner and Sondhi showed that the kagome ice phase can be mapped to the dimer model on the hexagonal lattice [23] . Every triangle of the kagome lattice has two spins with positive projection on the field and one opposed to the field. If the kagome lattice is replaced by its hexagonal dual and the bonds centered on a field-opposing spin are coloured, a kagome ice state becomes a disordered dimer state on the hexagonal lattice, as illustrated in Fig. 1a . The dimer model on the hexagonal lattice was orginally studied by Kasteleyn [24] , who showed that the dimer correlations are critical. Three dimer orientations are available and Kasteleyn found a triangular phase diagram depending on their statistical weights Z 1 , Z 2 and Z 3 (Fig. 1d) . When Z 1 > Z 2 = Z 3 (for example), the first dimer orientation will be selected and there will be a transition to a long range ordered dimer solid. This so-called Kasteleyn transition has many remarkable properties, elucidated by Moessner and Sondhi [23] , including an asymmetric first/second order appearance (as yet unobserved in experiment).
In kagome ice it is expected that small tilts of the field close to the [111] axis will be equivalent to tuning the statistcal weights of the dimer orientations [23] .
iii We performed neutron scattering experiments on holmium titanate, Ho 2 Ti 2 O 7 .
Although detailed bulk measurements of the [111] field direction have mainly been performed on dysprosium titanate, Dy 2 Ti 2 O 7 , the holmium material lends itself much better to neutron scattering and it is expected to show qualitatively the same behaviour. In general, the diffuse neutron scattering is a direct measure of S(Q), the Fourier transformed spin-spin correlation function: it would show resolution limited Bragg peaks for long range order, broad diffuse peaks for short range order and sharp, but non-resolution limited peaks for critical scattering. Fig. 1c shows the evolution of the (0,2, 2) magnetic Bragg peak intensity of Ho 2 Ti 2 O 7 as a function of field. This quantity shows a similar two plateau structure to the bulk magnetization [25] with the lower plateau corresponding to the kagome ice phase. Fig. 2a , c and e show the corresponding neutron scattering patterns in the plane of reciprocal space perpendicular to [111] in zero field, in the kagome ice plateau and at the termination of the plateau respectively. In the kagome ice phase the diffuse scattering compares quite well with a simulation of the near neighbour spin ice model (Fig. 2c) , with two broad peaks and a saddle point at to (1,1, 2) and striking pinch point singularities at (2 3 ,2 3 , 3 ). The position of the pinch points corresponds to the zone centers of a Q = 0 cell in the kagome plane. Proof that these are indeed pinch points in the manner discussed in Refs. 13, 16 , and 17 is given in Fig. 3 .
Such pinch points are a direct signature of a state governed by ice-rules or an emergent gauge structure. The remarkable feature is the ease with which these pinch points can be detected. They are explicitly expected to appear in the S(Q) of spin ice [13, 14] but have not been observed in experiment [21, 22] In spin language, this corresponds to the Q = X partial order previously studied in both Ho 2 Ti 2 O 7 and Dy 2 Ti 2 O 7 [27] . The tilted field creates an in-out pair from two spins which form a chain, the ice rules form in-out chains from the remaining spins. An applied field of 1.6 T corresponds to the transition region between the two magnetization plateaus where the "two-in-two-out" rule is broken and one expects a giant entropy spike [7, 8] . In conclusion, the concept of spin ice is relevant to a wide variety of highly correlated systems, including frustrated magnets [16, 28, 29, 30] , disordered magnets [31] , anomalous metals [32] , nanomagnetic arrays [33] and ice itself (which has been described as a highly correlated proton system) [34] . With a field applied along [111] , spin ice exhibits some generic phenomena. For example, first order lines with critical end points play an important role in metal-insulator transitions [35] and ferroelectric response [36] , while partially ordered phases on the kagome lattice are also predicted for systems of bosons [37] . Our neutron scattering investigation of holmium titanate's kagome ice plateau has thus revealed a detailed microscopic picture of the statistical physics of a model system that has broad relevance to many aspects of the physics of complex disorder. We show the phase boundary in a (note the intensity scale is logarithmic) and the detailed behaviour of the intensity in b. It is notable that below T c the intensity is field independent in the plateau until close to B c whereas above T c the intensity increases throughout the plateau toward its maximum at B c . xvii
